We describe distinctive characteristics of the magnum-trapezoid and other carpals found associated with an antler of the extinct genus Bretzia from southwestern Idaho from late Pliocene (Blancan V) Glenns Ferry Formation deposits (2.4 Â 10 6 years ago) of the Birch Creek drainage. This antler and elements of the foreleg represent a midpoint in the known evolutionary history of the genus. The oldest known antlers from a species of Bretzia are from the Pliocene Ringold sediments (4.2 Â 10 6 years ago) of Washington; and the most recent antlers are from South Dakota and Nebraska sediments of Rancholabrean-Holocene times (10,000-15,000 years ago). Carpal elements of the foreleg of Bretzia have a unique feature of the magnum-trapezoid not found in other extant New World cervids studied.
The cervid species Bretzia pseudalces was described based on several assorted antlers and antler fragments by Fry and Gustafson (l974) from the early Blancan White Bluffs locality of the Ringold Formation (4.2 Â 10 6 years ago) of southcentral Washington (Repenning l987) . This deer was the 1st known New World form with palmate antlers and prominent, anteriorly-projecting brow tines. A later study of the B. pseudalces antlers was made (Gustafson l985 ) in comparison to several other New and Old World cervids. The antlers of a 2nd species, Bretzia nebrascensis, of Holocene-Rancholabrean age represent 2 individuals from different localities (Gunnell and Foral 1994) . B. nebrascensis antlers were noticeably different from those of the earlier B. pseudalces, primarily in height of antler beam from burr to brow tines and absence of a beaded burr.
The partial fossil antler of a Pliocene Bretzia, most carpalia with the exception of the scaphoid, a unique cervid carpal element (the magnum-trapezoid), and distal radius were recovered by George Scott in 1988 from the Glenns Ferry Formation (2.4 Â 10 6 years ago) in sediments of the Birch Creek drainage in the west and southwest Owyhee Mountains of Idaho (Pliocene: Blancan V-Repenning l987). Details of the depositional environment are fully described by Hearst (l998) .
The partial antler from the Birch Creek drainage represents an intermediate form, in geologic time, and was examined and compared to the older B. pseudalces and the more recent B. nebrascensis antler material. The available carpal elements were similar to those of other cervids with the exception of the magnum-trapezoid carpal, which had a posterolateral projection distinct from all other genera studied.
The mammalian faunas known to have existed during the Blancan of Washington (Gustafson 1978; Fry and Gustafson 1974) documented the presence (2.5 Â 10 6 years ago) of the B. pseudalces and another cervid, variably referred to Alces brevitrabalis or Cervus brevitrabalis, based on antler bases. The study by Morejohn and Dailey (2004) clearly established the contemporary late Pliocene presence of Odocoileus lucasi, the presumed ancestor of the 2 extant species of Odocoileus, based on a near complete skeleton, dentition, and antler fragments. In this study, relevant North American cervid fossil materials were considered.
MATERIALS AND METHODS
Materials examined are housed at the Idaho Museum of Natural History, Pocatello, Idaho (Appendix I). Extant cervids presently residing in the region of fossil deposition are O. hemionus, O. virginianus, Cervus elaphus, Alces alces, and Rangifer tarandus. Thus, we made comparisons with antlers and carpalia of these species in museum collections to fossil materials of the extinct species of Bretzia. We also studied the carpalial elements and distal epiphyseal end of the right radius of these species. Several antler measurements were made of the fossil in a vertical plane from anterior to posterior from a horizontal line extended along the approximate base of the antler Other carpalia of extant cervids from North American museums, as well as fresh or thawed frozen specimens cleaned of soft tissues, dried and reassembled, were studied. All carpal elements were glued together in their normal resting orientation as a unit, and then photographed in anterior, posterior, lateral, medial, and ventral views. From these photographs, outline drawings were made and significant morphological features depicted with stipple, as viewed in the particular position, with help of a light source, to better depict protuberances or depressions. There are sexual and ontogenetic differences in size.
In order to clarify use of terms of bones of the carpalia, the synonymies of nomenclatorial names used for bones of the carpalia and tarsalia for humans and other mammals were used as recommended by Romer (l964:206,  fig. 140 ). However, to avoid confusion of the use of ''cuneiform'' for bones of both carpalial and tarsalial elements, we used the term ''triquetrum'' for the carpal bone instead of ''cuneiform.'' In some mammals, as in cervids, the magnum fuses with the trapezoid to become a single carpal element, i.e., the magnum-trapezoid. For particular homologies of artiodactyl carpal and tarsal bones refer to Hershkovitz (l982:ll, table 1).
RESULTS
All extant cervid species with the exception of Rangifer have beaded processes at the burr at the base of the antlers. The nearly complete late Pliocene right antler (IMNH 599/8840) is similar to the late Pleistocene antler of B. nebrascensis. It differs from antlers of B. pseudalces in not having a beaded burr and in the emergence of the brow tine and beam tines at anterior and posterior angles directly from the burr. Cross sectional estimates of the shorter brow tine and remaining elliptical beam tine were similar to those of B. nebrascensis. (Fry and Gustafson 1974) ; B) Bretzia of Pliocene, IMNH 559/8840, 2.4 Â 10 6 years (described herein); and C) B. nebrascensis of Holocene-Rancholabrean, 10,000-15,000 years ago (Gunnell and Foral 1994) . Note the change over time in the loss of the beaded burr (b-b) and in the reduction in length of the basal beam from beaded burr to brow tine (bt). The beam above the brow tine is wider anteroposteriorly in the new form of Bretzia. Presumed palmation of the antler is indicated in dashes (-). A large portion of the proximal antler from the burr upwards, including the anteriorly-directed brow tine and the major portion of the beam, is shown in Fig. 1 . The lateral portion of the burr is missing. The brow tine arises approximately 13 mm above the burr, which is nearly circular in cross section with no rugosities (not beaded) at its base. The long axis of the tine projects anterolaterad, forming a helical curve. The beam has an elliptical base that projects posterodorsally from the burr at approximately 308. Distal to the brow tine, the beam is elongated anteroposteriorly. At the fracture point of the beam, the cross section is nearly triangular. The profile of the anterior face of the antler is slightly concave with a straight posterior profile that suggests that an anterior secondary tine might have protruded just above the point of fracture. Compared to the antlers of B. nebrascensis, this missing distal region of the antler was probably palmated and might have included several other tines (Fig. 1) .
The carpalia of Bretzia, when compared in size to the extant species of cervids (such as species of Odocoileus), are twice as large; for Cervus elaphus they are slightly smaller, are approximately similar in size to Rangifer tarandus, and approximately one-third smaller than Alces alces. However, the Bretzia carpalia differed in significant morphological features.
Anterior views ( Fig. 2A, Alces ).-Triquetrum (tri): Compared to Bretzia, the dorsolateral facet that articulates with the distal ulnar end does not have a flaring anterior end (a) as in Cervus, Alces, and Rangifer, but it resembles Odocoileus. Lunate: the slightly curved medial edge of Bretzia (b) resembles Cervus, Rangifer, and Odocoileus. In Alces, this area is nearly straight with a small indentation. The ventral articulations to the unciform and magnum-trapezoid (c) are nearly equal in length in Bretzia, Cervus, Alces, and Odocoileus. In Rangifer, the facet over the unciform is longer than the facet to the magnumtrapezoid. The dorsal edges of the lunate and triquetrum are nearly in line with each other in Cervus, Alces, and Odocoileus, whereas in Bretzia and Rangifer the triquetrum (i) is higher than the lunate. Unciform: In Alces and Rangifer, the lateral edges about midbone have slightly protruding bulges (d), whereas in the other genera the lateral edges are smoothly rounded. Along the dorsal edge below the articulations to the triquetrum and lunate, there is a horizontal lip along the edge (e) in Bretzia, Alces, Rangifer, and Odocoileus which is absent in Cervus. Along the ventral edge a similar lip (f) is found in Alces, Cervus, and Odocoileus but not in Bretzia and Rangifer. Magnum-trapezoid: In anterior view, all genera are similar in form, but Rangifer has a vertically depressed area lateral to the articulation to the unciform (g). In Bretzia, 1/3 the distance from the vertical articulation facet to the unciform is dorsally curved (h). The ventral edges of the magnum-trapezoid have a dorsal curvature at midbone in Bretzia and Cervus.
Posterior views (Fig. 2B ).-Lunate: In Bretzia, a symmetrical ''waisted'' (wai) or hourglass appearance is evident. Odocoileus has a straight diagonal ridge (shown in broad dashed line), whereas the ridge in Alces and Rangifer is S-shaped. Bretzia and Cervus lack ridges and the area is roughly flattened. Rangifer has a bilobed ventral edge. In Cervus, the widest part of the carpal is across the base, which is near equal to its central height. The ventral point lies at the semi-vertical facets between the unciform and magnum-trapezoid in Alces, Cervus, and Odocoileus. Magnum-trapezoid: All genera have a facet for weak articulation of a small circular, oval-shaped bone (os) shown on Odocoileus on the posteromedial end of the magnumtrapezoid, which is probably the vestigial trapezium. The posteromedial side of the bone in Bretzia (at arrow) indicates the beginning of the constricted, elongated end, best seen in medial view of Fig. 2D . Unciform: The presence of a ''step'' (st) at the external end of the unciform is evident in all genera with the exception of Cervus (n-st), in which the posteroventral facet to the triquetrum is at the level of the metacarpal facet of the cannon bone. This is in contrast to all other genera, in which there is a short ''step'' down to the proximal facet with the cannon bone. Triquetrum: The major distinction of this bone is the facet to the pisiform carpal bone (pis), which in all genera approximates a ''pear-shape,'' but in Alces the pear-shape is upside down-the narrow end is ventrally oriented.
Lateral views (Fig. 2C ).-Triquetrum: In Bretzia and Odocoileus, the posterior ends of the triquetrum and unciform are approximately vertical to the ventral articulation to the cannon bone, whereas in Rangifer, Alces, and Cervus they project posteriorly (pr). There is a pronounced lip (lp) along the posteroventral edge of the triquetrum facet to the unciform in Alces and Rangifer. Unciform: The hamulus (ham) is well developed in Bretzia and extends posteriorly in line with the posterior projections of the triquetrum, as noted above. In Cervus, Alces, and Rangifer it does not. The posterior facet of the unciform, which accommodates the posteroventral projection of the triquetrum, has a ''step'' down to the horizontal articulation to the cannon bone (st) in all genera except Cervus, in which the edge of the facet is essentially in line with the joint edges of the cannon bone with no step (n-st).
Medial views (Fig. 2D ).-The scaphoid bone was not found for Bretzia, thus comparisons cannot be made to it, but the bone is described for other genera. At the articulation of the dorsoposterior end (a) to the posteromedial distal end of the ulna there is a projection that has its posterior edge nearly vertical in Cervus, Rangifer, and Odocoileus, and it is the highest point of this carpal in these genera. In Alces the point is only slightly higher than other dorsal projections. Posterior edges in Alces form an anterodorsal curve (arrow). A pronounced buttress (b) for the ulnar-scaphoid ligament is also distinctive in Alces. Magnum-trapezoid: In all genera, at the posteromedial end of the bone, as an extension of the ventral surface, there is a hook-like, ventrally-directed projection (c) that is pronounced and elongated posteriorly in Bretzia. In the 4 living genera studied there was an associated ovular ossicle attached to this projection as shown in Odocoileus (os).
In ventral view of the carpalia (Fig. 3) to the articulation of the cannon bone (fused metacarpals 3 and 4), an angle of 628 was found for Bretzia, measured from the posterior margin of the facet to the medial side. Values for all other genera ranged between 768-888.
The distal end of the right radius associated with the carpalia of Bretzia described above articulated perfectly with the assembled carpals. We presume all the elements belong to the same animal.
Approximately three-fourths of the anteromedial fusion perimeter of the distal epiphysis to the diaphysis of the radius was broken off in Bretzia. The epiphyseal end was compared to Odocoileus and Cervus. Essentially it was identical to Odocoileus but much larger, and it differed from Cervus principally in the shorter pointed end of the groove for digital extensors and in the longer pointed end at the upper end of the facet to the triquetrum.
DISCUSSION
Asian deer with anteriorly-projecting brow tines and distallypalmated beam tines directed upwards are known from late Miocene (Godina et al. l962 ) and early Pliocene deposits (Thenius and Hofer l960) . The derivation of Bretzia from an Asian deer was considered by Fry and Gustafson (l974) . They reviewed the work of Geist (l971:298,  fig. 6 ) wherein antler types of modern and fossil Old World deer are illustrated.
According to Gustafason (l978:52), ''The Burke Museum (Washington) collection contains several nearly complete antlers, a number of teeth and jaw fragments, a skull fragment with pedicles, and other assorted bones.'' Most of this material, except antlers, has yet to be evaluated and or described. Gustafson (1978:52) considers the dentition to be similar to Odocoileus, without further comment.
A limb element identified as a metapodial by Strand and Hough (l952) is referred by them to Rangifer without description. Gustafson (l978:52) stated that the elements should ''probably be referred to Bretzia. . .'' This metapodial and 2 other metapodial fragments now at the United States National Museum, Washington, D.C., were recently studied by Cicimurri (l999), and 1 (USNM 482340) was identified as a camelid metacarpal; the others were presumed to be from large cervids.
The earlier descriptions and illustrations of antlers provided by Fry and Gustafson (l974) of B. pseudalces of Blancan IV age indicated beaded burrs at antler bases and long antler beams up to the anterior emergence of the brow tine (Fig. 1) , which we have confirmed at the Burke Museum and from photos of antlers in the collection of W. Sawvers at Kennewick, Washington. The late Pleistocene antlers of B. nebrascensis described by Gunnel and Foral (l994) lacked beaded burrs (Fig. 1 ) similar to the antlers of the Bretzia form of Blancan V age.
Some of the earliest antlered deer with nondeciduous antlers of mid-Miocene age, such as Ramoceros and Paracosoryx, developed multiple, beaded pseudoburrs as they aged (Goss l983); later deer had deciduous antlers with beaded burrs. A smooth edged, unbeaded burr appears to be a derived trait found in some modern Rangifer, Pleistocene Rangifer and Torontoceros (Churcher and Peterson l982), B. nebrascensis (Gunnel and Foral l994), and the late Pliocene form of Bretzia described here.
The genus-specific morphological characteristics of carpalia that we described for 5 cervid genera demonstrate close affinity. There are many features shared between them that differ sufficiently to support generic status. In this respect, carpal traits peculiar to Bretzia such as the elongated posteromedial magnum-trapezoid projection and the angle of 628 between medial side and posterior margin are few, but they adequately serve to support the genus and separate it from the other genera studied.
